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  Natural ice: Dislocation creep 
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van der Pluijm , B., University of Michigan, "
http://www.geo.lsa.umich.edu/~vdpluijm/animations/edgescrewglide.mov 
Dislocation glide Dislocation climb 
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ε = strain rate 
σ = stress  
T = temperature!
R = ideal gas constant!
B, n, Q = constants 
Glen‘s Flow Law (1952) 
Flow relation 
Mostly: n=3 
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ε = strain rate 
σ = stress  
T = temperature!
R = ideal gas constant!
B, n, Q = constants 
Glen‘s Flow Law (1952) 
Creep tests 
•  Empirical 













   grain size 






ε = strain rate 
σ = stress  
T = temperature!
R = ideal gas constant!
B, n, Q = constants 
Glen‘s Flow Law (1952) 
kg 
Flow relation 














   grain size 






ε = strain rate 
σ = stress  
T = temperature!
R = ideal gas constant!
B, n, Q = constants 
Glen‘s Flow Law (1952) 
kg 
Flow relation 















   grain size 






ε = strain rate 
σ = stress  
T = temperature!
R = ideal gas constant!
B, n, Q = constants 
Glen‘s Flow Law (1952) 
kg 
Flow relation 












   grain size 



















   grain size 



















   grain size 



















   grain size 






Development of c-axes distributions 
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  Natural ice: Dislocation creep 
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van der Pluijm , B., University of Michigan, "
http://www.geo.lsa.umich.edu/~vdpluijm/animations/edgescrewglide.mov 
Dislocation glide Dislocation climb 
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  Natural ice: Dislocation creep 
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  Strong plastic anisotropy  
•  Polycrystal: 
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Width of images: 2.5mm EDML 556m 
Light  µScopy – sublimation etch grooving 
Glass plate 
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  Natural ice: Dislocation creep  dislocation density 
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Heterogeneous strain and non-basal slip 







axis in crystal 
reference 
EBSD 
Rotation Axis  
is close to prism  
plane normal 
sGB  ||  basal plane 
+ 
Rot. Axis || basal plane 
= 
Tilt boundary with non-basal edge dislocations  
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  Natural ice: Dislocation creep  dislocation density 
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Heterogeneous strain and non-basal slip 
sGB  ||  basal plane 
+ 
Rot. Axis || basal plane 
= 
Tilt boundary with non-basal edge dislocations  
(b=c or b=c+a) 
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In natural conditions:  
  Homologous temperatures  0.9 and 0.7 
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  Natural ice: Dislocation creep  dislocation density 
recrystallization:  
  Static: Normal grain growth (NGG)  
  Motion of GB  
   driving force: GB area  
Reduction (& assoc. free energy) 
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  Natural ice: Dislocation creep  dislocation density 
recrystallization:  
  Static  driving force: GB surface reduction (NGG) 
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  Natural ice: Dislocation creep  dislocation density 
recrystallization:  
  Static  driving force: GB surface reduction (NGG) 
  Dynamic  driving force: dislocation density reduction 
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  Natural ice: Dislocation creep  dislocation density 
recrystallization:  
  Static  driving force: GB surface reduction (NGG) 
  Dynamic  driving force: dislocation density reduction 
  Motion of dislocations  rotation recrystalization (RRX)  
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  Natural ice: Dislocation creep  dislocation density 
recrystallization:  
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EDML 1736 m 
Width of image: 2.5mm 
EDML 556m 
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  Natural ice: Dislocation creep  dislocation density 
recrystallization:  
  Static  driving force: GB surface reduction (NGG) 
  Dynamic  driving force: dislocation density reduction 
  Motion of dislocations  rotation recrystalization (RRX)  
















   grain size 
















SIBM (-N / -O) 
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µS in long ice cores 
Greenland 
31 
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Compilation by Jansen et al. 2013 
µS in long ice cores 
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Faria et al. 2014 
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Grain growth if D<Dss!
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Grain reduction if D>Dss!
Grain growth if D<Dss!
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Grain reduction if D>Dss!
Grain growth if D<Dss!
Steady state 
if D=Dss!
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D = χ ( ε,T , t)Steady state!
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D = χ ( ε,T , t)
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D = χ ( ε,T , t)





D = Dss ( ε,T )
Glen 1955 ε = Aσ n
A ≈αe−Q/kbT
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Faria et al. 2014 
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Faria et al. 2014 
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Faria et al. 2014 
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Example: T increases with depth 
Below Surface Dss
On Surface Dss
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EDML Drill hole 
•  Drill hole closure 





 Jessell 1999  
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  Ice: hexagonal; highly anisotropic (mainly basal glide). 
  Deformation: dislocations (and more). 
  Non-basal dislocations form subGB. 
  Dynamic recrystallization significant (hot, heterogeneous strains). 
  Recrystallization regimes in temperature - strain rate - grain size state space. 
  Dynamic grain growth caused by strain-induced GB migration. 
  Grain size reduction by rotation recrystallization. 
  Competition of the recrystallization processes results in a steady-state grain 
size as surface in the state space. 
  Clues to GS-sensitive deformation. 
Thanks 
Sérgio Faria, Nobby Azuma, 
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Microstructure evolution –  
tripartite paradigm does not 
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Example: constant T & 
along core 
ε
